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I .  INTRODUCTION 

DATE: J u n e  2 2 ,  1 9 7 0  

FROM: E .  N .  Sh ip l ey  

I t  has  long  been accep ted  t h a t  t h e  dark  r e g i o n s  of  
Mars r e p r e s e n t  low r e g i o n s  o f  t h e  p l a n e t ' s  topography. 
Recent ly  t h e r e  have been developed new i d e a s  t h a t  cha l l enge  
t h i s  on t h e o r e t i c a l  grounds,  w h i l e  a t  t h e  same t i m e  measure- 
ments of t h e  s u r f a c e  r e l i e f  have been o b t a i n e d  through r a d a r  
and through s p e c t r o s c o p i c  t echn iques .  A s  w e  s h a l l  see, t h e  
r e s u l t s  remain ambiguous. 

Th i s  memorandum i s  a survey  o f  c u r r e n t  i d e a s  and 
measurements on t h e  e l e v a t i o n  p r o f i l e  o f  Mars. 
i s  of m a j o r  significance s h c e  hypcthescs zbout dyriairiiz 
p r o c e s s e s ,  e s p e c i a l l y  i n  t h e  da rk  areas, are i n  g e n e r a l  
r e l a t e d  t o  t h e  e l e v a t i o n  of t h e  r e g i o n ,  and t h e  d i f f e r e n t  
b e h a v i o r  o f  t h e  l i g h t  and dark  areas h a s  been a t t r i b u t e d  t o  
a d i f f e r e n c e  i n  e l e v a t i o n .  

T h i s  q u e s t i o n  

11. HISTORICAL DEVELOPMENT 

Three t y p e s  o f  Mart ian s u r f a c e  may be i d e n t i f i e d  
from Ear th .*  
c a p s ,  which are w h i t e  d e p o s i t s  of s o l i d  C 0 2  o r  water ice .  
The remainder  of t h e  s u r f a c e  i s  d i v i d e d  between b r i g h t  areas, 
o r  d e s e r t s ,  and t h e  d i s t i n c t i v e l y  d a r k e r  r e g i o n s  c a l l e d  maria. 
I t  w a s  o r i g i n a l l y  thought  t h a t  t h e  maria r e p r e s e n t e d  bod ies  of  
w a t e r ;  t h i s  accoun t s  f o r  t h e i r  name. 

The most d i s t i n c t i v e  r e g i o n s  are t h e  p o l a r  

Many dynamic p rocesses  may be  s e e n  on Mars. The 
p o l a r  caps  undergo a s e a s o n a l  advance and r e g r e s s i o n .  I n  
each  hemisphere,  c o i n c i d e n t  w i t h  t h e  re t rea t  of  t h e  p o l a r  
cap ,  a wave o f  da rken ing  t h a t  a f f e c t s  on ly  t h e  maria sweeps 

*For a more complete d e s c r i p t i o n  of  Mars, see de  Vaucouleurs ,  
1 9 5 4 ,  o r  An ton iad i ,  1 9 3 0 .  
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from t h e  po le  toward and beyond t h e  equa to r .  I n  a d d i t i o n ,  t h e  
boundar ies  between b r i g h t  and dark a r e a s  undergo s e c u l a r  changes.  
There are o t h e r  observed phenomena t h a t  show t h a t  t h e  s u r f a c e  of 
Mars i s  n o t  s t a t i c .  

N o  s u r f a c e  re l ief  c a n  be s e e n  on Mars from ear th-based  
t e l e s c o p e s .  The m o s t  s e n s i t i v e  method of d e t e c t i n g  mountains i s  
by looking  a t  i r r e g u l a r i t i e s  i n  b r i g h t n e s s  near  t h e  t e r m i n a t o r .  
Tops of  mountains should s t i l l  be i l l u m i n a t e d  a f t e r  t h e i r  bases  
have moved i n t o  t h e  darkness  beyond t h e  t e rmina to r .  B r i g h t  
r e g i o n s  have i n  f a c t  been seen beyond t h e  t e r m i n a t o r ,  b u t  
because they  do n o t  appear  r e g u l a r l y  i n  t h e  same s p o t ,  i t  has 
been concluded t h a t  they  r e p r e s e n t  c louds  rather than  s u r f a c e  
e l e v a t i o n s  (Lowell ,  1 9 0 6 )  . 

Lowell o r i g i n a l l y  e s t i m a t e d  t h a t  mountains of 2500 
fee t  ( 0 . 8  km)  e l e v a t i o n  should  be capable  of be ing  d e t e c t e d .  
Hence, t h e  absence of d e t e c t a b l e  s u r f a c e  r e l i e f  would i n d i c a t e  
t h a t  Mars possessed  an e x c e p t i o n a l l y  f l a t  s u r f a c e .  A more 
recent estimate of t h e  minimum d e t e c t a b l e  h e i g h t  (Tombaugh, 
1 9 6 1 )  i n d i c a t e s  t h a t  t h e  smallest p e r c e p t i b l e  h e i g h t  i s  4 . 7  km 
(15,000 f ee t .  Moreover, t h i s  estimate presupposes t h a t  t h e  
featiize has steep s i o p e s .  it has  been po in ted  o u t  ( R u s s e l l  
e t  a l . ,  1945) t h a t  f e a t u r e s  of much g r e a t e r  h e i g h t  would be 
unde tec t ed  if t h e  s l o p e s  w e r e  sha l low (say lo). 

Based on obse rva t ions  from t h e  e a r t h ,  t h e  on ly  
conclus ion  t h a t  may be reached about  Martian s u r f a c e  r e l i e f  i s  
t h a t  any f e a t u r e s  w i t h  a ve r t i ca l  p r o f i l e  i n  excess  of about  
5 km must posses s  sha l low s l o p e s .  Of cour se ,  a l l  e l e v a t i o n s  
a r e  r e l a t i v e  t o  t h e  mean Martian sphero id .  I t  i s  w e l l  known 
t h a t  t h e  p l a n e t a r y  r a d i u s  of Mars i s  g r e a t e r  a t  t h e  e q u a t o r  
t h a n  a t  t h e  poles-- the excess amounts t o  36 km on t h e  b a s i s  
of v i s u a l  measurements, b u t  on ly  1 8  km based on t h e  p e r t u r b a t i o n s  
t o  t h e  o r b i t a l  p a t h s  of  t h e  two Martian s a t e l l i t e s ,  Phobos and 
Deimos (de Vaucouleurs,  1964) .  I t  i s  p o s s i b l e  t h a t  t h e  d i s -  
crepancy between t h e  o p t i c a l  and dynamical measurements a r i s e s  
f r o m  darkening  of t h e  p o l a r  limb (Leighton e t  a l . ,  1 9 6 9 1 ,  an 
e f f e c t  seen  by Mariners  6 and 7 .  

Despi te  t h e  l a c k  of  observable  s u r f a c e  r e l i e f ,  i t  
w a s  g e n e r a l l y  though t ,  p r i o r  t o  1 9 6 4 ,  t h a t  t h e  b r i g h t  areas 
of Mars r ep resen ted  e l e v a t i o n s , a n d  t h e  dark areas, lowlands 
(Sagan and P o l l a c k ,  1968) .  Th i s  b e l i e f  does n o t  appear  t o  
have been based on any d i r e c t  ev idence ,  b u t  seems r a t h e r  t o  be 
a n a t u r a l  consequence of t h e  g e n e r a l  concept ion of t h e  p l a n e t .  
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One of t h e  dominant f a c t o r s  of t h e  e a r l y  i d e a s  of 
t h e  p l a n e t  w a s  t h e  s e a s o n a l  changes i n  t h e  da rk  areas of t h e  
p l a n e t .  I t  has  long been hypothesized t h a t  t h e  wave of darken- 
i n g ,  which sweeps a c r o s s  t h e  dark a r e a s  from t h e  p o l a r  areas 
toward and p a s t  t h e  e q u a t o r  each s p r i n g ,  i s  caused by growth 
of some v e g e t a t i v e  l i f e  form i n  response  t o  i n c r e a s i n g  mois ture  
from t h e  me l t ing  p o l a r  cap. 
v e g e t a t i v e  material  can e x p l a i n  t h e  r e g e n e r a t i o n  of dark areas 
and t h e  s e c u l a r  changes on t h e  p l a n e t .  Kuiper (1952) has  
argued t h a t  t h e  c o l o r s  seen  i n  t h e  dark a r e a s ,  and t h e  dynamic 
behav io r  of  t h e  a r e a s ,  can be exp la ined  by an organism s i m i l a r  
t o  l i c h e n s .  Moreover, t h e  c o n d i t i o n s  on Mars seemed t o  be 
compatible  wi th  t h e i r  e x i s t e n c e ,  since on e a r t h  l i c h e n s  can 
endure g r e a t  extremes of tempera ture  and humidi ty .  

I n  a d d i t i o n ,  t h e  growth of  t h e  

The v e g e t a t i v e  hypo thes i s  r ece ived  suppor t  from 
i n f r a r e d  measurements (S in ton  and S t rong ,  1 9 6 0 )  t h a t  i n d i c a t e d  
t h e  dark areas w e r e  a few degrees  w a r m e r  t han  t h e  b r i g h t  a r e a s .  
S inus  M e r i d i a n i i ,  f o r  example, w a s  8OC w a r m e r  than  t h e  surround- 
i n g  b r i g h t  areas. 
e x p l a i n  t h e  d i s t i n c t i o n  between t h e  b r i g h t  and dark  a r e a s  on 
Mars; t h e  organisms which produce t h e  dark c o l o r a t i o n  of  t h e  
lowlands are n o t  v i a b l e  i n  t h e  c o l d e r  regimes of t h e  h ighlands .  

I n  a d d i t i o n ,  t h e  presence  of c louds  and f r o s t  pa tches  
i n  t h e  b r i g h t  areas can be i n t e r p r e t e d  as i n d i c a t i n g  t h a t  t h e  
b r i g h t  areas are e l e v a t e d  (Tombaugh, 1 9 6 8 ) .  On t h e  basis of 
t e r res t r ia l  analogy,  one would expec t  t h e  h i g h e r  e l e v a t i o n s  t o  
be c o l d e r ,  and hence t o  permi t  t h e  formation of f r o s t  pa t ches .  
The c louds  ove r  t h e  b r i g h t  areas are a t t r i b u t e d  t o  a d i a b a t i c  
c o o l i n g  of t h e  atmosphere as it rises t o  p a s s  over t h e  e l e v a t e d  
r e g i o n s .  

Thus e l e v a t i o n  d i f f e r e n c e s  can  q u i t e  simply 

Thus t h e  concept  of low dark and h igh  b r i g h t  a r e a s  
formed a c o n s i s t e n t  p i c t u r e ,  a l though t h e r e  w a s  a d e f i n i t e  
s p a r c i t y  of f a c t s .  I t  should  a l s o  be noted  t h a t  a t  l eas t  
some obse rve r s  w e r e  very  c a u t i o u s  of a c c e p t i n g  t h e  b i o l o g i c a l  
e x p l a n a t i o n  of t h e  dynamic e f f e c t s  on Mars. 

I n  a series of obse rva t ions  du r ing  t h e  1954 and 1956 
o p p o s i t i o n s ,  Kuiper (1957) d e t e c t e d  l i t t l e  c o l o r a t i o n  i n  t h e  
maria dur ing  local  sp r ing t ime .  H e  sugges ted  t h a t  t h e  absence 
of the expec ted  more v i v i d  c o l o r s  meant t h a t  a non-b io logica l  
e x p l a n a t i o n  of t h e  maria was p o s s i b l e ,  and t h a t  t h e  dark 
r e g i o n s  might r e p r e s e n t  l a v a  f i e l d s .  Dynamic e f f e c t s  might 
t h e n  r e p r e s e n t  t h e  r e s u l t  of winds,  w i t h  seasona l  wind p a t t e r n s  
g i v i n g  rise t o  t h e  c o n s i s t e n t  s easona l  e f f e c t s .  
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I t  w a s  subsequen t ly  sugges t ed  ( R e a ,  1 9 6 4 )  t h a t  t h e  
d i f f e r e n c e  between t h e  l i g h t  and t h e  da rk  areas might  be i n  
t h e  s i z e  o f  t h e  p a r t i c l e s - - t h e  b r i g h t  areas be ing  covered  w i t h  
f i n e r  p a r t i c l e s  t h a n  t h e  da rk  areas. The s e p a r a t i o n  between 
t h e  l i g h t  and da rk  areas would a r i s e  from e l e v a t i o n  d i f f e r e n c e s ;  
t h e  lowlands would be covered w i t h  f i n e  d u s t  and so  be b r i g h t ,  
whereas winds would remove t h e  f i n e  mater ia l  from h i g h e r  areas 
and from s l o p e s ,  l e a v i n g  them da rk .  

S e v e r a l  a d d i t i o n a l  i d e a s  have been developed t o  
s u p p o r t  t h e  hypo thes i s  t h a t  t h e  b r i g h t  a r e a s  were lowlands.  
Wells (1965) sugges t ed  t h a t  t h e  s t a t i o n a r y  wh i t e  c louds  which 
formed ove r  t h e  b r i g h t  a r e a s  a t  t h e  bo rde r  w i t h  da rk  areas 
might be analogous t o  t h e  lee wave c louds  on t h e  e a r t h .  The 
lee wave c louds  form due t o  t h e  d i s t u r b a n c e  caused by t h e  
mountain,  which causes  a i r  t o  be t r a n s p o r t e d  t o  h e i g h t s  a t  
which water vapor  condenses .  The c louds  have t h e  p r o p e r t y  
of  remaining f i x e d  i n  l o c a t i o n ,  r a t h e r  than  moving w i t h  t h e  
airstream. I f  t h e  analogy between t h e  s t a t i o n a r y  Mar t ian  
c l o u d s  and t h e  lee wave c louds  i s  v a l i d ,  i t  would i n d i c a t e  
t h a t  t h e  d a r k  areas r e p r e s e n t  mountain ranges .  

O c c u i t a t i o n  measurements from the Mariner  I V  mi s s ion  
revealed t h a t  Mars had an a tmospher ic  p r e s s u r e  a t  t h e  s u r f a c e  
of  on ly  4 t o  6 m i l l i b a r s ,  and ,  s i n c e  t h e  p re sence  of s i m i l a r  
q u a n t i t i e s  of  C 0 2  had been d e t e c t e d  by ear th-based  spec t roscopy ,  
t h e  atmosphere must be l a r g e l y  C02 ( K l i o r e  e t  a l . ,  1 9 6 5 ) .  Based 

on t h i s  i n f o r m a t i o n ,  O'Leary and R e a  ( 1 9 6 7 )  showed t h a t  t h e  
f r o s t  p a t c h e s  would occur  p r e f e r e n t i a l l y  i n  lowlands because  o f  
t h e  i n c r e a s e d  C02 p r e s s u r e  t h e r e .  
c a l c u l a t i o n  of  t h e  r a d i a t i o n  budget  a t  t h e  s u r f a c e ,  and several 
f a i r l y  r e s t r i c t i v e  assumptions w e r e  necessa ry .  

The i r  s t u d y  w a s  based on a 

A subsequent  s tudy  of t h e  expec ted  tempera ture  
v a r i a t i o n  w i t h  e l e v a t i o n  (Sagan and P o l l a c k ,  1968) revealed 
t h a t  t h e  behav io r  on Mars shou ld  n o t  be analogous t o  t h e  e a r t h .  
P r i m a r i l y  because  o f  t h e  low a tmospher ic  p r e s s u r e  on Mars, t h e  
effects t h a t  cause  e a r t h  h igh lands  t o  be c o l d e r  t h a n  l o w e r  
r e g i o n s  are i n e f f e c t u a l  on Mars, and t h e  dominant f a c t o r  t h a t  
effects  t h e  t empera tu re  i s  t h e  s u r f a c e  a lbedo .  Thus t h e  obser -  
v a t i o n  t h a t  t h e  da rk  areas are w a r m e r  t h a n  t h e  b r i g h t  i s  n o t  
i n  i t s e l f  i n d i c a t i v e  t h a t  t h e  da rk  areas are lower.  
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111. RECENT DATA 

Direct measurements of t h e  s u r f a c e  r e l i e f  of  Mars 
have been made by two methods: r a d a r  r a n g i n g  ( P e t t e n g i l l  e t  a l . ,  
1969) and measurement of  t h e  amount of C 0 2  o v e r l y i n g  d i f f e r e n t  
r e g i o n s  of  t h e  p l a n e t  (Bel ton  and Hunten, 1 9 6 9 ;  Wells, 1 9 6 9 ) .  i 

Both of t h e s e  t echn iques  showed s u r f a c e  r e l i e f  o f  major dimensions,  
t h a t  i s ,  more t h a n  1 0  km between t h e  lowes t  and h i g h e s t  p o i n t s .  

1 
I The r a d a r  experiment  measures t h e  range  t o  t h e  

s u b - e a r t h  p o i n t .  A s  t h e  p l a n e t  r o t a t e s ,  measurements a r e  made 
on a l o c u s  of  p o i n t s  a t  e s s e n t i a l l y  c o n s t a n t  l a t i t u d e .  The 
l a t i t u d e  o f  t h e  sub -ea r th  p o i n t  changes g r a d u a l l y  due t o  t h e  
changing o r b i t a l  p o s i t i o n  of t h e  e a r t h  and Mars. The r a d a r  d a t a  
( P e t t e n g i l l  e t  a l . ,  1 9 6 9 )  w e r e  o b t a i n e d  d u r i n g  t h e  1 9 6 7  opposi-  
t i o n  when t h e  l a t i t u d e  o f  t h e  sub-ear th  p o i n t  was about  +21 .5 ' .  
F u r t h e r  d a t a  a t  d i f f e r e n t  l a t i t u d e s  was o b t a i n e d  d u r i n g  t h e  1969 
o p p o s i t i o n .  P r e l i m i n a r y  r e s u l t s  are a l r e a d y  a v a i l a b l e ,  bu t  t h e y  
have n o t  y e t  been ana lyzed  i n  t e r m s  of t h e  topography (Evans, 
1970) .  

4-k- r 3 r 7 3 . W  .W-n- -T- . -  n--n-;mnn+ 4-L.- -.. .-C-.,, ..---I' 
c A * L  A u u u r  A u u I A y I A I y  G n y s r r u s i r r . ,  a u L L a L G  Lciief 

i s  g iven  by t h e  v a r i a t i o n  i n  t h e  r e s i d u a l  r ange  as t h e  sub-ear th  
p o i n t  moves over t h e  s u r f a c e  o f  t h e  p1anet.e r e s i d u a l  r ange  
i s  t h e  d i s t a n c e  remaining a f t e r  c o r r e c t i o n s  have been made f o r  
t h e  normal changes i n  t h e  d i s t a n c e  between t h e  r a d a r  s t a t i o n  and 
t h e  c e n t e r  of  mass of Mars, a r i s i n g  from t h e  o r b i t a l  motion o f  
Mars and t h e  e a r t h  and from t h e  r o t a t i o n  o f  t h e  e a r t h .  

Each i n d i v i d u a l  range  measurement w a s  accomplished 
by an  approximate ly  10-minute p e r i o d  of t r a n s m i s s i o n  fol lowed 
by an e q u a l l y  long  r e c e p t i o n  p e r i o d .  T h i s  procedure  w a s  
n e c e s s i t a t e d  by t h e  low s igna l - to -no i se  r a t i o  o f  t h e  r e t u r n e d  
s i g n a l .  As a r e s u l t ,  t h e  range w a s  averaged  ove r  a 10-minute 
p e r i o d ,  d u r i n g  which t h e  sub-ear th  p o i n t  on Mars would move 
by about  2.5' i n  l o n g i t u d e .  I n  t h e  e i g h t  week i n t e r v a l  ove r  
which measurements w e r e  made, t h e  sub -ea r th  l a t i t u d e  s h i f t e d  
by about  5'. The quoted  r e s u l t s  do n o t  d i s t i n g u i s h  among t h e  
l a t i t u d e s .  The ave rag ing  i n  l o n g i t u d e  and l a t i t u d e  l i m i t s  
t h e  s u r f a c e  r e s o l u t i o n  of t h e  r a d a r  exper iment .  The r e s o l u t i o n  
i s  comparable t o  t h a t  ach ieved  w i t h  ea r th -based  v i s u a l  t e l e s c o p e s .  
The range 
2 km. 

d i f f e r e n t  
i n t e n s i t y  

u n c e r t a i n t y  f o r  a s i n g l e  r a d a r  measurement w a s  t y p i c a l l y  

The measurement of  t h e  q u a n t i t y  of C 0 2  o v e r l y i n g  

p o r t i o n s  of Mars w a s  accomplished by measuring t h e  
of a C 0 2  a b s o r p t i o n  l i n e .  I t  i s  e s t i m a t e d  t h a t  
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e l e v a t i o n  d i f f e r e n c e s  of 1 km can be d e t e c t e d  a t  t h e  s u r f a c e  of 
t h e  p l a n e t  (Bel ton and Hunten, 1 9 6 9 ) .  The r e s o l u t i o n  on t h e  
s u r f a c e  of the p l a n e t  i s  a squa re  about  15  arc degrees  (about 
9 0 0  k m )  on a s i d e .  I t  appears  t h a t  r easonab le  d a t a  may be 
ob ta ined  f o r  l a t i t u d e  up t o  4 5 O  from t h e  sub-ear th  p o i n t ,  and 
so,  f o r  each o p p o s i t i o n ,  it is  p o s s i b l e  t o  o b t a i n  a topographic  
map of t h e  e n t i r e  mid - l a t i t ude  r eg ion .  However, d a t a  w e r e  
ob ta ined  ove r  only  h a l f  of t h e  l o n g i t u d e  range du r ing  t h e  1 9 6 9  
o p p o s i t i o n .  These d a t a  are i n  r easonab le  agreement w i t h  t h e  
radar data a t  l a t i t u d e  +21.S0. 

The conclus ion  reached by t h e  a u t h o r s  of bo th  t h e  
r a d a r  ranging  experiment and t h e  C 0 2  s p e c t r o s c o p i c  experiments  
i s  t h a t  there i s  no obvious correspondence between t h e  topog- 
raphy of t h e  p l a n e t  and t h e  permanent v i s u a l  s u r f a c e  f e a t u r e s .  
I n  F igu re  1, t h e  radar data  i s  shown t o g e t h e r  w i t h  a map of 
Mars. Although some o f  t h e  b r i g h t  a r e a s  a r e  e l e v a t e d ,  t he re  
is  n o t  a uniform r e l a t i o n s h i p  between b r i g h t n e s s  and e l e v a t i o n .  
I n  o r d e r  t o  p u t  t h e  r e s u l t  on a q u a n t i t a t i v e  basis ,  P e t t e n g i l l  
e t  a l .  ( 1 9 6 9 )  c a l c u l a t e d  t h e  c r o s s - c o r r e l a t i o n  f u n c t i o n  between 
t h e  e l e v a t i o n  p r o f i l e  they  ob ta ined  and t h e  b r i g h t n e s s  v a l u e s  

meaningful c o r r e l a t i o n  e x i s t e d .  
-,',*-- L.. a- T ? - . . - - . - l  t 7  n r 7 \  m%.- ---..i~- : - d : - - ~ - a  L L - L  
y r v c i i  u y  uc v a u b u u ~ e u ~ a  [ A Y V  I )  . ~ i i c  L G : ~ U A L S  A~LUAL=;LCGU U ~ P C  E O  

On t h e  o t h e r  hand, B i n d e r  ( 1 9 6 9 )  has  f u r t h e r  analyzed 
the  r a d a r  p r o f i l e  data. H e  assumes t h a t  l i n e a r  Mart ian markings 
are t h e  r e s u l t  o f  a planet-wide f r a c t u r e  system and hence a r e  
i n d i c a t o r s  of t h e  p l a n e t ' s  topography. On t h i s  b a s i s  he can 
c o n s t r u c t  a topographic  map t h a t  c o r r e l a t e s  w e l l  w i t h  t h e  r a d a r  
e l e v a t i o n  p r o f i l e .  T h e  p r i n c i p a l  conc lus ions  t h a t  Binder 
reaches a r e  t h a t  dark a r e a s  occur  i n  l o c a l  dep res s ions  o r  on 
s l o p e s ;  t h a t  t h e  dark l i n e a r  f e a t u r e s  ( t h e  c a n a l s )  occur  i n  
local t roughs ;  and t h a t  t h e  b r i g h t  a r e a s ,  s p e c i f i c a l l y  Elysium 
and t h e  Amazonis Desert r eg ion  are e l e v a t e d  above t h e  surround- 
i n g  r eg ions .  Some of t h e  more prominent c o r r e l a t i o n s  between 
e l e v a t i o n  and s u r f a c e  markings are noted  on Figure  1. 

The e s s e n t i a l  f e a t u r e  of B i n d e r ' s  a n a l y s i s  i s  t h a t  
da rk  areas occur  i n  l o c a l  d e p r e s s i o n s ,  a l though t h e  dark  
f e a t u r e s  are n o t  always l o w  on an a b s o l u t e  b a s i s .  Such a 
r e l a t i o n s h i p  would n o t  be appa ren t  i n  t h e  c r o s s - c o r r e l a t i o n  
f u n c t i o n  of P e t t e n g i l l  e t  a l . ,  s i n c e  t h a t  depends only  on 
the  v a l u e  of t h e  e l e v a t i o n  a t  a s p e c i f i c  p o i n t ,  and n o t  on 
the r e l a t i o n s h i p  t o  sur rounding  areas. 

I t  must be no ted ,  however, t h a t  the  u n c e r t a i n t y  on 
the i n d i v i d u a l  d a t a  p o i n t s  i s  q u i t e  l a r g e ,  and t h a t  many of 
t h e  s m a l l  scale f e a t u r e s  i n  B i n d e r ' s  e l e v a t i o n  curve (see 
F igure  1) are n o t  uniquely demanded by the  d a t a .  
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I t  appears  t h a t  t h e  topographic  map developed by 
Binder does n o t  ag ree  wi th  t h a t  given by Wells ( 1 9 6 9 ) .  However, 
t h e  two maps a r e  d i f f i c u l t  t o  compare because Wells' map, based 
on t h e  C02 s p e c t r o s c o p i c  d a t a ,  covers  a broad range of t h e  

s u r f a c e  wi th  r e l a t i v e l y  poor r e s o l u t i o n ,  whereas B i n d e r ' s  map 
covers  only a l i m i t e d  area b u t  w i th  s u b s t a n t i a l l y  g r e a t e r  
r e s o l u t i o n .  

I V .  CONCLUSIONS 

U n t i l  t h e  advent  of t h e  r a d a r  ranging  d a t a  ( P e t t e n g i l l  
e t  a l . ,  19691 recent t h e o r e t i c a l  i n t e r p r e t a t i o n s  of t h e  a v a i l a b l e  
o b s e r v a t i o n a l  d a t a  supported t h e  conclus ion  t h a t  t h e  dark a r e a s  
r e p r e s e n t  h igh lands .  Direct measurements of t h e  p r o f i l e  by bo th  
radar and by C02 s p e c t r o s c o p i c  measurements have l e d  t o  t h e  
conclus ion  t h a t  t h e r e  i s  no c o r r e l a t i o n  between s u r f a c e  b r i g h t -  
n e s s  and s u r f a c e  topography. However, Binder (1969) has found 
ev idence  i n  t h e  r a d a r  d a t a  t h a t  dark a r e a s  e i t h e r  occur  i n  
r e g i o n s  t h a t  are depres sed ,  a t  l eas t  l o c a l l y ,  or  else on s l o p e s .  

The d a t a  are inadequate  a t  t h i s  t i m e  t o  a l low a 
d e f i n i t e  judgment of t h e  m e r i t s  of t h e  e l e v a t i o n  c o r r e l a t i o n ,  
o r  i t s  l a c k .  I t  may be expected t h a t  f u r t h e r  r a d a r  d a t a  w i l l  
c l a r i f y  t h e  s i t u a t i o n .  / 

/ 
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